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Impact of lower delivered Kt/V on the survival of overweight tive (DOQI) clinical guidelines for adequacy of dialysis
patients on hemodialysis. recommend targeting for a Kt/V of 1.3 to obtain a mini-
Background. A recent study suggests that overweight (OW) mum of 1.2 [5]. A recent study by Ifudu et al showspatients on hemodialysis are more likely to receive inadequate
that with the current practice of dialysis prescription,doses of dialysis. Because underdialysis is associated with
higher mortality, OW patients might be at risk for higher mor- overweight (OW) patients are less likely to receive the
tality. This is in contrast with our recent observation in which minimum recommended dialysis, and the odds ratio for
survival was better in OW patients on hemodialysis. The objec- underdialysis in patients with a large body mass increasestive of this study was to verify whether being OW was associ-
with the patients’ body weight [6]. Because underdialysisated with underdialysis and to determine the influence of un-
derdialysis on the survival of OW patients. is associated with a higher mortality, an immediate impli-
Method. Kt/V measurements were obtained in 1151 patients cation for this finding is that OW patients by being at
on hemodialysis for two consecutive months, and their survival risk for being underdialyzed might also be at risk forwas prospectively followed for nine months. Body weights were
higher mortality. In a recent article, we reported that OWdefined by body mass index (BMI): OW if BMI was .27.5,
underweight (UW) if BMI was ,20, and normal weight (NW) patients on hemodialysis had a better one-year survival
if BMI was 20 to 27.5. compared with underweight (UW) or normal weight
Results. The Kt/V was inversely related to BMI (r 5 20.30, (NW) patients [7]. This study was undertaken to addressP , 0.0001). Kt/V in the OW patients was significantly lower
two specific objectives: first, to confirm whether OW wasthan Kt/V in the NW or UW patients. By using a Kt/V threshold
of 1.2, more patients were underdialyzed in the OW group associated with underdialysis, and second, to determine
(24%) than in the NW (15%) or UW (7%) groups. Underdial- whether underdialysis, if it existed in OW patients, ex-
ysis in the whole study group was associated with a 1.6-fold erted a negative influence on their nine-month survivalincrease in the relative risk (RR) for mortality. The risk was
on hemodialysis.more pronounced (RR, 2.6) in the underdialyzed OW patients
compared with adequately dialyzed OW patients. In multivari-
ate analysis, underdialysis in OW patients (RR, 4.3), but not
METHODSin UW or NW patients, was a significant and independent risk
factor for mortality. Of 1346 patients in whom we have recently examined
Conclusion. Our results verify that in the current practice
the influence of BMI on survival [7], 1151 patients metof dialysis prescription, OW patients are less likely to receive
the study criteria of having Kt/V data available for theadequate dialysis, and, to our knowledge for the first time,
suggest that such underdialysis in OW patients might exert a two consecutive months (February and March of 1997).
negative influence on their survival. Prospective studies are All of the study subjects were on hemodialysis and at-
required to test whether ensuring adequate delivery of dialysis
tending the limited care dialysis facilities of the Renalin the OW patients might further improve their survival.
Care Group in the state of Mississippi (USA) for at least
90 days and had not had any amputations. Kt/V was
measured using the second-generation Ln formula devel-Several studies demonstrate that a reduction in dialysis
oped by Daugirdas [8]:dose (Kt/V) of less than 1.2 is associated with progressive
rise in mortality [1–4]. Dialysis Outcome Quality Initia-
Kt/V 5 2ln(R 2 0.008 3 t) 1
(4 2 3.5 3 R) 3 UF/W
Key words: dialysis dose, body mass index, obesity, nutrition, African
American race, underdialysis. where R 5 [predialysis blood urea nitrogen (BUN) 2
postdialysis BUN/predialysis BUN], UF is the actual ul-Received for publication March 12, 1999
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dialysis using the slow-flow technique described in the
DOQI guidelines [5]. This protocol for Kt/V measure-
ment is used uniformly in all our centers. The average
of Kt/V for February and March 1997 was used for analy-
sis. The body mass index (BMI) was calculated as BMI 5
postdialysis weight in kg/height in m2. Data on patient
survival available for the next nine months (April 1997
through December 1997, inclusive of both months) were
used for analysis.
The data were obtained for all the patients over the
entire observation period. For patients who died, death
certificates were reviewed, and causes of death were
classified using the International Classification of Dis-
eases (ICDM-9) codes into cardiac, vascular, infection,
Fig. 1. Simple regression analysis between body mass index (BMI) andgastrointestinal, and others, as we have reported in detail
dialysis dose (Kt/V) in the entire patient population (r 5 0.30; P ,[7]. For patients with missing death certificates, the cause
0.0001).
of death was coded as undetermined.
Bodyweight categories
RESULTSOverweight was defined based on the NHANES III
criterion of BMI .27.5 [9]. A BMI ,20 was defined as Patient characteristics
UW and 20 to 27.5 as NW. Such grouping of BMI re- Of the 1151 patients, 90% were African Americans,
sulted in three distinct groups of patients with statistically and the rest were Caucasians. The mean age was 55.8 6
different BMI [OW, 34 6 0.3, N 5 437 (38%); NW, 24 6 0.47 (median 57, range, 13 to 96) years, and 45% were
0.01, N 5 576 (50%); UW, 18 6 0.1, N 5 138 (12%)]. male. The reported causes of renal failure were hyperten-
Because the U.S. population at large continues to gain sion in 37%, diabetes in 28%, glomerulonephritis in 10%,
higher BMI [9] and our study population is predomi- lupus erythematosus in 3%, and other, including un-
nantly African Americans (who have a higher BMI than known diagnosis, in 22%. The patients had been on he-
the Caucasians), the survival was reanalyzed using a BMI modialysis for the average duration of 4.35 6 0.13 (2.9,
0.25 to 24) years.classification of BMI 20 or less, 21 to 30, 31 to 40, and
more than 40.
Dialysis characteristics
Dialysis adequacy The average prescribed dialysis session was 240 min-
utes (range, 180 to 300 min) per session three times perUsing the DOQI guidelines for adequacy of dialysis
week. The majority of the patients were dialyzed through[5], a delivered Kt/V of less than 1.2 was considered
Gore-Tex grafts (89.5%). Arteriovenous fistulae andinadequate, and a Kt/V equal to or more than 1.2 was
vascular catheters were used in 4.9 and 5.7%, respec-considered an adequate dose of dialysis.
tively. The blood flow was maintained at 400 to 450 ml/
min. The dialysate flow was set at 500 or 800 ml/min.Statistical analysis
Patients were either on cuprophane-based membranesStatView computer software program from Abacus
(28.0%) or polysulfon-based membranes (72%). Poly-
Concepts, Inc. (Berkley, CA, USA) was used for data
sulfon membranes were reused by reprocessing with
analysis. The data are reported as mean 6 sem or median heated citric acid. The distribution of the filters, vascular
(range) or mean (95% CI). A P , 0.05 was considered accesses, and the prescribed blood flows were not differ-
statistically significant. The comparison between two ent in the three BMI subgroups, except 10% of patients
groups was performed by Student t-tests or Fisher’s exact in OW and NW patients and none in the UW group
test, and multiple groups were analyzed by analysis of received a dialysate flow rate of 800 ml/min.
variance, followed by Fisher’s procedure for least sig-
Analysis of Kt/Vnificant difference (PLSD). Simple and multiple regres-
sion analyses were performed to assess correlation. Rela- Kt/V showed a negative correlation (r 5 20.3, P ,
tive risk (RR) was assessed by Cox proportional hazard 0.0001) with BMI (Fig. 1). Consistent with the inverse
model in univariate and multivariate modes. The survival relationship, Kt/V was significantly lower in OW patients
was analyzed by Kaplan–Meier method and was reported (1.36 6 0.01, P , 0.01) compared with NW (1.50 6 0.01)
or UW patients (1.61 6 0.02). These values also indicateas cumulative hazard plots.
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Fig. 2. Kaplan–Meier cumulative hazard plots for the adequately and Fig. 3. Kaplan–Meier cumulative hazard plots for the underweight (d),
inadequately dialyzed groups of patients from the entire patient popula- normal weight (m), and (s) overweight groups of patients.
tion. Symbols are: (d) Kt/V less than 1.2; (s) Kt/V 1.2 or more.
statistical significance. Among the patients who died,that patients in the UW group, who had the least body
41% of OW group received a Kt/V of less than 1.2 com-weight, had the maximum delivered Kt/V. There were
pared with 3% of the UW group and 21% of NW group.significantly more patients with Kt/V less than 1.2 in
The OW patients, despite receiving the lowest doses ofthe OW group compared with the NW or UW groups.
delivered dialysis, had the best survival rate (Fig. 3). TheTwenty-four percent of the OW patients had a Kt/V of
age of patients who died in each of the groups were not
less than 1.2; thus, by definition, a quarter of patients in
different (64 6 2 in OW, 65 6 2 in UW and 64 6 2 years
OW group was underdialyzed (P , 0.01). In contrast,
in NW group). Similarly, the gender distribution was
93% of patients in the UW group and 85% in the NW also not different among the groups.
group received adequate doses of dialysis. Because both BMI and Kt/V influenced survival and
Kt/V had an inverse relation with BMI, we next exam-Analysis of survival
ined the influence of delivered dose of dialysis on survival
Of the 1151 patients, 149 patients died over the nine in the three BMI subgroups. For this, survival was com-
month period, 48 in OW, 32 in UW, and 69 in NW group. pared between groups of patients in each BMI category
Of the remaining patients, 0.6% were transferred to con- divided into two by the delivered dose of dialysis, that
tinuous ambulatory peritoneal dialysis. One percent was is, adequately (Kt/V of 1.2 or more) or inadequately
transplanted, and 4% were transferred out of our facili- dialyzed (Kt/V of less than 1.2). A significantly higher
ties or were lost to follow-up. There were 47% deaths mortality was noted in the inadequately dialyzed OW
related to cardiac causes, 11% to vascular causes, 7% to group (18.9 vs. 8.7%, P , 0.01) compared with an ade-
infection-related causes, 3% to gastrointestinal-related quately dialyzed group (Fig. 4). A similar trend without
causes, and 20% to other causes. Chi-square analysis of statistical significance was also noted in NW patients
the causes of death within different groups revealed no (17.7 vs. 11%, P 5 0.26). In contrast, the trend was
significant difference in the frequency of the causes of opposite for survival in the UW patients (10 vs. 24%,
death. P 5 0.46); that is, some of the highest Kt/V were obtained
The delivered dose of dialysis had influence on pa- in patients with the lowest body weights, and death in
tients’ survival. Applying the Kt/V threshold of 1.2 in this group was associated with low body weight rather
the whole study population, the survival was significantly than low Kt/V.
higher in the adequately dialyzed compared with the The RR for mortality in each subgroup based on the
underdialyzed group (P , 0.04; Fig. 2). BMI also had above Kt/V cut-off criterion for adequacy of dialysis was
influence on patients’ survival. The UW patient had the determined using the Cox proportional hazard model
highest rate of mortality (23.1%), which was significantly (Fig. 5). For patients with Kt/V of less than 1.2, the RR
higher than the NW or OW group (P , 0.0006; Fig. 3). for mortality increased by 2.8-fold in the OW group (1.38
Using Kt/V as a continuous variable in the univariate to 5.43, P , 0.01). The RR (mean, 95% CI) changes did
Cox model, higher dialysis was associated with lower not reach statistical significance in the UW (0.480, 0.07
RR of dying (RR 0.92, 95% CI, 0.57 to 1.50), but as we to 3.54) or NW group (1.57, 0.85 to 2.90). The survival
when reanalyzed using an alternate classification of BMI,have previously reported [7], the reduction did not reach
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Table 1. Cox proportional hazard analysis based on an alternate
classification of BMI: Relative risk (RR) of dying in relation to
underdialysis
BMI N RR (relative to Kt/V $ 1.2) 95% CI P
20 or less 138 0.49 (0.07, 3.65) 0.49
21 to 30 722 1.74 (0.99, 3.06) 0.05
31 to 40 241 2.80 (1.19, 6.58) 0.02
More than 40 50 3.05 (0.19, 48.75) 0.43
Table 2. Univariate Cox hazard model: Risk factors for mortality
r RR 95% CI P
Age 0.025 1.038 (1.025, 1.051) ,0.001
Female sex 0.059 1.061 (0.742, 1.517) NS
Afro-American race 20.238 0.788 (0.459, 1.353) NSFig. 4. Kaplan–Meier cumulative hazard plots for adequately and inad-
Diabetes 0.396 1.486 (1.014, 2.176) ,0.05equately dialyzed groups of patients in the overweight subgroup. Sym-
Albumin 21.426 0.463 (0.145, 0.398) ,0.001bols are: (d) Kt/V less than 1.2; (s) Kt/V 1.2 or more.
Creatinine 20.188 0.891 (0.780, 0.880) ,0.02
Hematocrit 20.055 0.947 (0.907, 0.988) ,0.02
BMI 20.059 0.943 (0.919, 0.991) ,0.001
Kt/V , 1.2 0.479 1.536 (1.012, 2.332) ,0.05
Table 3. Multivariate Cox hazard model: Risk factors for mortality
for all patients
r RR 95% CI P
Age 0.025 1.025 (1.010, 1.040) ,0.001
Diabetes 0.328 1.388 (0.918, 2.098) NS
Albumin 20.770 0.463 (0.261, 0.821) ,0.01
Creatinine 20.115 0.891 (0.825, 0.964) ,0.02
Hematocrit 20.026 0.974 (0.931, 1.020) NS
BMI 20.047 0.954 (0.919, 0.991) ,0.02
Kt/V , 1.2 0.818 2.265 (1.424, 3.603) ,0.001
persisted as a significant risk factor even after factoring
in for other risk factors significant in the univariate analy-
sis. In the multivariate analysis of the BMI subgroups,
underdialysis was a significant risk factor (RR 5 4.3,
P , 0.001) in the OW group but not in the UW or NW
groups (Table 4).Fig. 5. The relative risk for mortality from underdialysis in all patients
and patients who were underweight, normal weight, and overweight.
DISCUSSION
Our study confirms Ifudu et al’s recent observation
that, with the current practice of dialysis prescription,based on broader ranges to accommodate for the contin-
ued increase of BMI in the U.S. population and for the OW patients are more likely to receive inadequate doses
of dialysis than the UW or NW patients [6]. In addition,higher BMI in African Americans, the findings were
essentially the same as the analysis with UW, NW, and our study provides the first suggestive evidence that such
underdialysis in OW patients might exert a negative in-OW subgrouping. The data based on reanalyses are given
in Table 1. fluence on their survival.
We measured the dose of dialysis delivered in ourIn the univariate analysis using the Cox proportional
hazard model for the whole patient population underdi- patients by using the Kt/V Ln formula method. This
method accounts for intradialytic volume changes sec-alysis was a significant risk factor besides age, race, serum
albumin, serum creatinine, hematocrit, BMI, and pres- ondary to ultrafiltration and the resultant diffusive and
convective solute transport and is accurate over the fullence of diabetes (Table 2). In the multivariate analysis
(Table 3) for the entire group, Kt/V of less than 1.2 range of single-pool, variable-volume Kt/V values. Al-
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Table 4a. Multivariate Cox hazard model: Risk factors for mortality surprising given the previously reported nonlinear rela-
for UW patients
tion between Kt/V and survival [4]. A majority of our
r RR 95% CI P UW and NW patients received a mean Kt/V of over 1.2,
Age 0.024 1.024 (0.996, 1.054) 0.094 and it is of note that in these groups, unlike OW patients,
Diabetes 0.934 2.545 (0.923, 7.014) 0.43 Kt/V did not exert any independent effect on their sur-
Albumin 20.299 0.742 (0.534, 1.030) 0.07
vival. Indeed, despite the maximum mean Kt/V and veryCreatinine 20.898 0.407 (0.130, 1.280) 0.12
Hematocrit 20.075 0.922 (0.861, 0.986) 0.38 few patients having a Kt/V less than 1.2 in the UW group,
BMI 20.004 0.972 (0.934, 1.012) 0.94 the maximum mortality was noted in this group. The
Kt/V , 1.2 0.894 2.445 (0.262, 22.782) 0.09
poor survival rate in this group is thus not due to underdi-
alysis and is probably related poor nutrition. In contrast,
OW patient, who had the highest BMI and better nutri-
tional parameters, had the best nine-month survival de-Table 4b. Multivariate Cox hazard model: Risk factors for mortality
for NW patients spite underdialysis. However, the RR assessment using
the Cox multivariate model in the OW population sug-r RR 95% CI P
gested that survival in OW patients could be furtherAge 0.014 1.014 (0.994, 1.035) 0.16
improved with the provision of adequate dialysis.Diabetes 20.056 0.945 (0.518, 1.725) 0.85
Albumin 20.045 0.956 (0.842, 1.086) 0.49 Owen et al based on retrospective analysis in a large
Creatinine 20.105 0.901 (0.396, 2.051) 0.80 hemodialysis population recently reported that, despiteHematocrit 20.124 0.883 (0.795, 0.982) ,0.02
achieving a lower URR during dialysis in African Ameri-BMI 20.070 0.932 (0.875, 0.993) ,0.03
Kt/V , 1.2 0.605 1.831 (1.559, 3.478) 0.08 cans compared with Caucasians, the association of URR
with mortality in African Americans was weaker [10].
Although we have presented Kt/V and not URR in our
study, it is tempting to speculate based on our data that
Table 4c. Multivariate Cox hazard model: Risk factors for mortality
the lower doses of dialysis noted in African Americansfor OW patients
might be in part due to the higher body mass, also noted
r RR 95% CI P
by Owen et al in their African American population.
Age 0.069 1.071 (1.035, 1.109) ,0.001 The Caucasians formed only a small portion of our study
Diabetes 0.513 1.670 (0.799, 3.490) 0.17
population, thus, precluding any race-based comparativeAlbumin 20.006 0.989 (0.918, 1.078) 0.89
Creatinine 21.565 0.209 (0.074, 0.590) ,0.01 analysis of survival in our study. However, it is generally
Hematocrit 20.053 0.949 (0.826, 1.089) 0.045 accepted that African Americans as a cohort have a
BMI 20.011 0.989 (0.902, 1.086) 0.82
better survival than Caucasians, and therefore, any nega-Kt/V , 1.2 1.444 4.239 (2.016, 8.912) ,0.001
tive effect of underdialysis in African Americans, specu-
latively, could be offset by the higher BMI and better
nutrition previously noted in African Americans [7]. A
provocative hypothesis generated by our present data isthough formal urea kinetic modeling (UKM) provides
the best quantitative measure for the dose of dialysis that insuring adequate doses of dialysis in OW patient
might further increase their survival, probably irrespec-delivered, the logistical limitation associated with UKM,
the DOQI Work Group has endorsed the Kt/V Ln for- tive of the race. Alternatively, improving the nutritional
status in well-dialyzed patients might further improvemula method as the best alternative to UKM for clinical
practice. It is possible that absolute ultrafiltration volume their survival.
Our data, as in any other data analysis, could be ana-might be higher in excessively OW patients, and if this
is the case, Kt/V would provide a higher dialysis dose lyzed in many other ways. For example, the Kt/V could
be analyzed as a function of body weight uncorrectedthan would be measured by urea reduction ratio (URR).
If this is true, this might be one explanation for a lower for height (as Ifudu et al had carried out). Because BMI
is corrected for stature, unlike body weight, it provides(but still fairly strong) correlation between dialysis dose
and body mass in our study (r 5 20.3) versus that of a measure for body mass as well as body composition.
Furthermore, BMI in patients on hemodialysis has beenIfudu et al, who used URR as measure for delivered
dialysis (r 5 20.4) [6]. shown to relate to their nutritional status and survival
[7]. The BMI classification we have used is based onThe use of Kt/V of 1.2 for dialysis adequacy in this
study is prompted by the DOQI work group’s evidence- published criteria, and we believe it makes clinical sense
and simplifies analysis. Moreover, the reanalyses of thebased recommendation. Furthermore, for our analysis
the cut-off provides a clinically “relatable” division be- data using a broader range for BMI grouping yielded
similar survival findings as in the first analysis. The lacktween adequate and inadequate doses of dialysis. The
lack of survival predictability of Kt/V when introduced of statistical significance in the increased RR for the
more 40 BMI group is explained on the basis of smalleras a continuous variable in the statistical model is not
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There are limitations to our study. Despite a larger
REFERENCESoverall sample size of 1151 patients and the use of uni-
1. Lowrie EG, Laird NM, Parker TF, Sargent JA: Effect of theform protocols for dialysis and Kt/V measurements, our
hemodialysis prescription of patient morbidity: Report from thestudy is observational and mainly cross-sectional in na- National Cooperative Dialysis Study. N Engl J Med 305:1176–1181,
ture. Furthermore, because the data are based primarily 1981
2. Acchiardo SR, Hatten KW, Ruvinsky MJ, Dyson B, Fuller J,on African Americans, whether these findings would
Moore LW: Inadequate dialysis increases gross mortality rate.
equally applicable to a predominantly Caucasian popula- ASAIO J 38:M282–M285, 1992
3. Hakim RM, Breyer J, Ismail N, Schulman G: Effects of dose oftion is also uncertain.
dialysis on morbidity and mortality. Am J Kidney Dis 23:661–669,In summary, our study on a predominately African 1994
American population verifies that in the current practice 4. Held PJ, Port FK, Wolfe RA, Stannard DC, Carroll CE,
Daugirdas JT, Bloembergen WE, Greer JW, Hakim RM: Theof dialysis prescription, the OW patient is less likely to
dose of hemodialysis and patient mortality. Kidney Int 50:550–556,
receive adequate doses of dialysis, and suggests, to our 1996
5. NKF-DOQUI: Clinical Practice Guidelines for Hemodialysis Ade-knowledge for the first time, that such underdialysis in
quacy. Bethesda, National Kidney Foundation, 1997, pp 42–46
OW patient might exert a negative influence on their 6. Ifudu O, Mayers JD, Matthew JJ, Fowler AM, Homel P, Fried-
man EA: Standardized hemodialysis prescriptions promote inade-survival. Prospective interventional studies are required
quate treatment in patients with large body mass. Ann Intern Medto verify the hypothesis generated by our study, which 128:451–454, 1998
is that ensuring an adequate dose of dialysis delivery in 7. Fleischmann E, Teal N, Dudley J, May W, Bower JD, Salahu-
deen AK: Influence of excess weight on mortality and hospitalthe OW patients might further improve their survival on
stay in 1346 hemodialysis patients. Kidney Int 55:1560–1567, 1999
hemodialysis. 8. Daugirdas JT: Second generation logarithmic estimates of single-
pool variable, Kt/V: An analysis of error. J Am Soc Nephrol 4:1205–
1213, 1993
ACKNOWLEDGMENT 9. Kuczmarski RJ, Flegal KM, Campbell SM, Johnson CL: Increas-
ing prevalence of overweight among US adults: The National
This study is made possible in part by a grant from the Kidney Care Health and Nutrition Examination Surveys. 1960 to 1991. JAMA
Inc. Foundation, Jackson, MI, USA, to Dr. Salahudeen. The authors 272:205–211, 1994
appreciate the support of the administrative, nursing, and dietetic staff 10. Owen WF Jr, Chertow GM, Lazarus JM, Lowrie EG: Dose of
of Renal Care Group (RCG), Jackson, MS, USA, and particularly the hemodialysis and survival: Differences by race and sex. JAMA
contribution of Ms. Nancy Teal. 280:1764–1768, 1998
